Cystic fibrosis (CF) is one of the most common genetic diseases worldwide with high carrier frequencies across different ethnicities. Next generation sequencing of the cystic fibrosis transmembrane conductance regulator (CFTR) gene has proven to be an effective screening tool to determine carrier status with high detection rates. Here, we evaluate the performance of the Swift Biosciences accelamplicon CFtR Capture Panel using CFTR-positive DNa samples. this assay is a one-day protocol that allows for one-tube reaction of 87 amplicons that span all coding regions, 5′ and 3′UtR, as well as four intronic regions. In this study, we provide the FASTQ, BAM, and VCF files on seven unique CFTR-positive samples and one normal control sample (14 samples processed including repeated samples). This method generated sequencing data with high coverage and near 100% on-target reads. We found that coverage depth was correlated with the GC content of each exon. This dataset is instrumental for clinical laboratories that are evaluating this technology as part of their carrier screening program.
Background & Summary
Cystic fibrosis (CF) is considered one of the most common genetic diseases, affecting 1 in 2500-3500 live births in Caucasian populations 1 . Over 1500 mutations have been previously reported in the CFTR gene. Due to the high carrier rates, the American College of Obstetricians and Gynecologists (ACOG) suggests CF carrier testing for all women who are considering pregnancy or are currently pregnant [2] [3] [4] . In 2004, the American College of Medical Genetics and Genomics (ACMG) published a guideline on testing 23 CFTR mutations with high carrier frequencies across different ethnicities 3 . However, to increase the detection rate, it has become a common practice for clinical laboratories to expand the CFTR panel to more than 100 mutations, and even full gene analysis [5] [6] [7] .
In the past three decades, the detection of CFTR mutations has evolved through various molecular methods, including reverse dot blot, restriction fragment length polymorphism (RFLP), and Sanger sequencing 8, 9 . The advent of next generation sequencing (NGS) leads to a higher clinical sensitivity by screening more targeted CFTR mutations and sequencing of the exonic gene regions, as well as a higher throughput by multiplexing many samples into one sequencing run 10, 11 . While NGS excels at generating large amount of data, it is time-consuming and less cost-effective for sequencing few targets and low volume of samples. Recently, Swift Biosciences released a pre-designed amplicon/library preparation kit that can amplify the CFTR gene using 87 amplicons in one reaction. Combined with Illumina MiSeq Nano kit v2 (300-cycles), this protocol allows for quick turnaround time, low sample volume, and cost effectiveness.
While a previous study had demonstrated that this method could detect frequent and rare CFTR mutations when compared to other methods, the technical specifications were not analysed 12 . Here we examine the Accel-Amplicon CFTR Panel using CF-positive samples by assessing the performance of this assay. We processed seven CF-positive samples that represent across the CFTR mutation spectrum (missense, nonsense, splicing and indels), and these mutations are recommended in the ACMG guideline 3 . The first run included one normal sample and three CF-positive samples, and the second run included all samples from the first run, with additional four CF-positive samples ( Table 1) . Here, we provide the FASTQ files for each of the samples in this validation study. Tables 1 and 2 provide the coverage summary for each sample and each exon. Furthermore, in the method and technical validation section, we describe the steps and quality control (QC) performed to ensure the accuracy and precision of the assay.
To our knowledge, no previous studies have critically evaluated the sequencing performance of the Accel-Amplicon CFTR panel. As analytical performance of the methodology is vital for a clinical test, the data generated in this study can be evaluated by clinical genetic laboratories that are interested in employing the Accel-Amplicon CFTR panel to screen CF carriers. As carrier screening becomes more well-known and consumer demand increases, this method fulfils the need of an affordable and time-sensitive approach to screen CFTR mutations in general population carrier screening with a maximum detection rate.
Methods
Validation samples acquisition and DNA quantification. The following DNA samples (samples 1-3, 5-8) were obtained from the NIGMS Human Genetic Cell Repository at the Coriell Institute for Medical Research (see the corresponding Coriell naming convention in Table 3 ). Sample 4 was acquired from a patient; an informed consent was obtained for research using an IRB protocol (06-004886) at the Center for Applied Genomics at the Children's Hospital of Philadelphia. The consent agreement states that genotype data may be shared with public data repositories for research purposes, and that the patient's personal information would be kept private and unidentifiable in any publication or presentation. DNA concentration was calculated using a Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific, catalogue number Q32851). Samples were diluted down to 5 ng/mL with Pre-PCR TE buffer and a final volume of 10 μL containing 20 ng input DNA was used.
Library preparation. Library preparation was performed using the Accel-Amplicon CFTR panel (Swift Bioscience, catalogue number AL-55048) in accordance with the manufacturer's protocol. In brief, multiplex PCR was performed on the sample DNA using the reagents provided by the Accel-Amplicon panel kit for 4 cycles of 10 sec at 98 °C, 5 min at 63 °C, 1 min at 65 °C and 22 cycles of 10 sec at 98 °C, 1 min at 64 °C. Size selection and clean-up were performed using SPRIselect beads (Beckman Coulter, catalogue number B23318) with a ratio of 1.2. Indexing sequencing adapters were then ligated to each library at 37 °C for 20 minutes. A second clean-up step was performed using SPRIselect beads at a ratio of 0.85 and rediluted with 20 mL of Post-PCR TE buffer. Quantification of adapted libraries was performed by qPCR using KAPA Library Quantification Kit (KAPA Biosystems, catalogue number 07960140001).
Next-generation sequencing. Illumina MiSeq Nano Reagent Kit V2 was used to sequence the samples ( Table 1 ). The final pooled concentration of 2 nM (5 μL was used) was mixed with 0.2 N NaOH (5 μL). The mixture was then mixed with 990 μL of pre-chilled HT1 to obtained a 10 pM denatured library mixed. No PhiX spike-in was used.
Bioinformatic analysis.
Sequencing data was analysed based on the bioinformatic pipeline recommended and provided by Swift Biosciences. In short, adapter-trimmed paired-end FASTQ files were generated by the Illumina MiSeq upon completion of the sequencing run (Note: adapter trimming can be done post FASTQ generation). For each sample, an alignment in Sequence Alignment Map (SAM) format was generated from the pair of FASTQ files using Burrows-Wheeler Aligner (BWA) and hg19 human genome reference. The SAM file was further modified by SAMtools to sort the file by name for Swift primerclip preparation. Due to the presence of synthetic primer sequences at the start or end of reads, the primerclip tool was used to remove these sequences before proceeding with downstream analysis. With both Picard's AddOrReplaceReadGroups tool and SAMtools, the primer-clipped SAM file was converted to BAM format and an indexed BAM file was generated. Variant calling was performed using GATK HaplotypeCaller. To determine quality metrics at the sample and interval level, Picard's CollectTargetPcrMetrics was used. Table 6 . Sequencing quality assessment. www.nature.com/scientificdata www.nature.com/scientificdata/ technical Validation Library quantitation. To evaluate whether the DNA samples were successfully processed using this Swift Accel Amplicon protocol, we used the KAPA Library Quantification Kit to measure the library concentration. During qPCR, primers bound to the Illumina P5 and P7 flow cell oligo sequences and the concentrations of the samples were assessed by measuring the SYBR green fluorescence intensity; this method specifically measures the adapted DNA, excluding any unadapted DNA fragments generated during the PCR step. The concentration of each sample in both runs are listed in Table 6 . www.nature.com/scientificdata www.nature.com/scientificdata/ Sequencing data assessment. Pooled libraries were sequenced using Illumina MiSeq Nano Reagent Kit V2 kit (300 cycles). The cluster densities for run 1 and 2 were 807 ± 1 k/mm 2 and 534 ± 8 k/mm 2 , with 98.08% and 98.05% of reads of Q30 score or more, respectively (Table 6 ). Further analyses of the FASTQ files using MultiQC showed that the majority of the base positions had mean quality value of Q38, while the first five bases of reads have lower quality scores (at around Q33) ( Fig. 2a ). For all FASTQ files, the majority of the reads had quality value of Q38 (Fig. 2b) 16 . Overall coverage depth of all processed samples is demonstrated in Table 1 . As expected, the mean coverage depth in run 1 (5753x) is higher than those of run 2 (1344x), as there are fewer samples pooled into one flow cell in run 1 (Table 1) . Moreover, all samples from run 1 have 100% of regions with more than 20x coverage depth ( Table 1) . For run 2, all samples have less than 20x coverage at the 3′UTR region (chr7:117308320-117308346; CFTR:c.*1158_*1184). This region has no known pathogenic variants described in HGMD or in ClinVar. In addition, samples 5, 6, and 7 have no coverage for two bases in intron 8 (chr7:117188661-117188662; CFTR:c.1210-13_1210-12). This is a common TG repeat deletion that is present in 22.92% of general population according to gnomAD. Next, we assessed the coverage depth per exon, and investigated the inter-exonic depth variability (Tables 2 and 7 ). We found that the coverage depth was higher as the GC content of the exon was closer to 50% for both runs (Fig. 2c,d) . As expected for amplicon sequencing, the majority of sequencing reads (98-99%) were aligned to the targeted regions (See Supplementary File 1 for BED file). assay validation of CF-positive samples. Samples used in this validation study have known pathogenic CFTR mutations (Table 3) , and they were used to validate this Swift Accel-Amplicon CFTR Panel for usage in a clinical laboratory setting. Analytical validation is a vital component in the process of launching a clinical genetic test, as it demonstrates the quality and performance of the testing method and the accuracy of the assay result. Here, we evaluate the capability of this assay by assessing the variants that were detected in each sample. As expected, there were no pathogenic variants detected in the control sample (sample 1) for both runs. The pathogenic variants of samples 2-8 were confirmed by the manufacturer-recommended bioinformatic pipeline. These genotypes can be visualized using Integrative Genome Viewer (IGV), and they have also been confirmed using Sanger sequencing (Fig. 3) ; this yields a 100% sensitivity. Furthermore, samples 1-4 were sequenced in both runs, and sample 4 was sequenced three times in run 2. All results were concordant and matched to the referenced genotypes, hence the repeatability and reproducibility is 100%. Additionally, since there can be non-pathogenic variants in CFTR, we provide a table of all the variants detected in each VCF file for each sample in both run (Online-only Table 1 ). HGVS nomenclature and GnomAD frequencies for each variant are also listed. Of note, the VCF for sample 1 in run 2 contains a variant that is not present in run 1. This variant is a common two-nucleotide deletion of a TG-repeat stretch in intron 8. This dinucleotide repeat is adjacent to a poly-T stretch that also has common deletions and duplications. This discrepancy may be due to the fact that NGS alignment and annotation tools cannot reliably detect small insertions/deletions at repetitive regions. Sanger sequencing is still the preferred method to reliably detect variants at this repeat.
Code availability
Swift Primerclip installation instructions, scripts, and examples can be found at https://github.com/ swiftbiosciences/primerclip. Current available methods for downloading the Swift Primerclip tool are a precompiled binary for linux on x86_64 and building from source using Haskell-stack build tool. Additional requirements include SAMTools (1.6-2-gf068ac2), Picard Tools (2.1.0), BWA (0.7.17-r1188), GATK (3.5-0-g36282e4), and Java (1.8). Codes and parameters are described as below.
